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Abstract

Introduction—We evaluated the performance of multiparametric prostate MRI (mp-MRI) and 

MRI/TRUS fusion-guided biopsy (FB) for monitoring prostate cancer (PCa) patients on active 

surveillance (AS).

Materials and Methods—Patients undergoing mp-MRI and FB of target lesions identified on 

mp-MRI between August 2007-August 2014 were reviewed. Patients meeting AS criteria (Clinical 

Stage T1c, Gleason grade ≤6, PSA density ≤0.15, tumor involving ≤2 cores, and ≤50% 

involvement of any single core) based on extended-sextant, 12 core TRUS biopsy (SB) were 

included. They were followed with subsequent 12-core biopsy as well as mp-MRI and MRI/
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TRUS-fusion biopsy at follow-up visits until Gleason score progression (Gleason ≥7 in either 12-

core or MRI/TRUS-fusion biopsy). We evaluated whether progression on mp-MRI (defined as an 

increase in suspicion level, largest lesion diameter, or number of lesions) was predictive of 

Gleason score progression.

Results—Of 152 patients meeting AS criteria on initial SB (mean age of 61.4 years and mean 

PSA of 5.26 ng/ml), 34(22.4%) had Gleason ≥7 on confirmatory SB/FB. Of the 118 remaining 

patients, 58 chose AS and had at least one subsequent mp-MRI with SB/FB (median follow-up; 

16.1months). Gleason progression was subsequently documented in 17(29%) of these men, in all 

cases to Gleason 3+4. The PPV and NPV of mp-MRI for Gleason progression was 53% (95%CI 

28-77%) and 80% (95%CI 65-91%), respectively. The sensitivity and specificity of mp-MRI for 

increase in Gleason were also 53% and 80%, respectively. The number needed to biopsy to detect 

one Gleason progression was 8.74 for SB versus 2.9 for FB.

Conclusions—Stable findings on mp-MRI are associated with Gleason score stability. mp-MRI 

appears promising as a useful aid for reducing the number of biopsies in the management of 

patients on active surveillance. A prospective evaluation of mp-MRI as a screen to reduce biopsies 

in the follow-up of men on AS appears warranted.
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1.INTRODUCTION

It is estimated that 233,000 new cases PCa. will be diagnosed in the United States in 2014, 

the majority of which present as localized disease, nearly half of which are low grade 

cancer(1). Thus, active surveillance (AS) has emerged as a management strategy to defer 

treatment and spare men with presumably indolent disease the adverse effects of definitive 

therapy. The aim of AS is to offer patients with low-risk disease the possibility of avoiding 

the side effects associated with radical treatments without missing the window of 

opportunity for definitive therapy, if needed.

Currently, patients on AS are followed with serial PSA and repeat biopsy although other 

tests such as PCA3 and quantitative gene expression profiles are being evaluated to detect 

disease progression(2). Recent intermediate-term series suggest that AS may safely defer 

intervention in a low-risk population, but because up to 35% of patients ultimately receive 

definitive treatment, improved strategies are needed to better stratify risk, characterize and 

follow disease progression(3-5).

Repeat prostate biopsy is an integral component in the follow-up of AS candidates because it 

identifies pathological progression of PCa. The current standard-of-care consists of a 

systematic, extended-sextant, 12-core TRUS-guided biopsy (SB), which does not target 

specific lesions and therefore, may under-sample clinically significant lesions. 

Multiparametric magnetic resonance imaging (mp-MRI) can potentially improve the 

selection of men for AS and as an adjunct in the surveillance of men with PCa on AS(6,7). 

PSA alone has its limitations, and the addition of mp-MRI and MRI-TRUS guided fusion 

Walton Diaz et al. Page 2

Urol Oncol. Author manuscript; available in PMC 2019 July 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



biopsy (FB) in surveillance can potentially improve the detection of clinically significant 

disease or can be used as a filter for progression at follow-up visits to limit the number of 

biopsy sessions(8, 9). Prostate mp-MRI can accurately identify lesions suspicious for PCa.. It 

has been reported that levels of suspicion assigned to lesions on prostate mp-MRI 

significantly correlate with adverse pathology on confirmatory biopsy and prostatectomy as 

well as with the clinical risk stratification of an AS population(10-12). Furthermore, when 

mp-MRI is fused with real-time transrectal ultrasound, suspicious lesions can be accurately 

targeted for biopsy, thus improving the detection of PCa in patients with prior negative 

biopsy, lesions in occult locations, enlarged prostates, and those with potentially high-risk 

disease(13-15). Additionally, with serial FB, prior areas of concern may be reassigned as 

targets to ensure adequate sampling at each biopsy session(16). In the setting of AS, mp-MRI 

and FB may validate appropriate eligibility for AS(6). In this study, we assess the 

performance of mp-MRI and FB for Gleason progression in men on AS.

2.METHODS

2.1 Study population

A retrospective analysis was performed of patients enrolled in an Institutional Review 

Board-approved protocol, with written informed consent, between August 2007 and August 

2014. Patients included in this analysis met the JHU criteria for AS (Clinical Stage T1c, 

Gleason grade (GG) ≤ 6, PSA density ≤ 0.15, tumor involving ≤ 2 cores, and ≤ 50% 

involvement of any single core) on a SB before referral to our institution(17). All patients had 

at least one serum PSA measurement, digital rectal examination, and underwent a 

standardized mp-MRI. After enrollment in the study each patient underwent another SB 

along with a FB (termed a confirmatory biopsy) using the mp-MRI. During follow up visits, 

they underwent subsequent SB and FB until Gleason score progression. Confirmatory SB 

and FB of suspicious lesions identified on mp-MRI, was performed using a free hand image 

fusion platform (UroNav, InVivo Corp). Patients confirmed to have GG ≤ 6 were followed 

with serial mp-MRI and SB/FB.

2.2 MRI acquisition and interpretation

All images were acquired using a 3.0 T MRI scanner (Achieva, Philips Healthcare, 

Cleveland, OH) with a 6 or 16-channel body coil (SENSE, Philips Healthcare, Cleveland, 

OH) using an endorectal coil (BPX-30), distended to a volume of approximately 45 cc with 

perfluorocarbon (3 mol/L-Fluorinert, 3M, St. Paul, MN), Medrad, Pittsburgh, PA.(18) The 

mp-MRI sequence parameters included T1W imaging, triplanar (coronal, sagittal and axial), 

T2 with diffusion-guided-weighted imaging and apparent diffusion coefficient mapping, 

multi-voxel 3-dimensional localized spectroscopy, and axial 3-D fast field echo dynamic 

contrast-enhanced MRI sequences(6). All mp-MRIs were blindly evaluated by two 

experienced genitourinary radiologists (BT and PLC with prostate MRI accumulated 

experiences of 7 and 14 years respectively). Those patients with at least one suspicious 

lesion subsequently underwent SB/FB with two cores sampled for each lesion (axial and 

sagittal)(12). All pathological specimens were reviewed by a single genitourinary pathologist 

(MJM).
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2.3 Study design

For each lesion identified on mp-MRI, a non-weighted suspicion score categorized as low, 

moderate or high was assigned based in part on the number of positive sequences.(6) The 

diameter of each lesion was manually determined using a picture archiving and 

communication system workstation (Carestream, Inc, Rochester, NY). The highest suspicion 

score for any lesion, diameter of each lesion, and number of lesions were recorded prior to 

each biopsy session, as well as patient demographics and pathology data. MRI progression 

was defined as an increase in highest mp-MRI suspicion score, lesion diameter, or number 

of lesions between biopsy sessions for each patient during follow-up. Pathologic progression 

was defined as an increase to GG ≥3+4 in any core in either the SB or FB. When pathologic 

progression occurred, patients were not followed further for the purposes of this analysis. 

Some sought definitive therapy while others with low-volume GG 7 disease continued on 

AS.

2.4 Data Analysis

Patient demographic data was reported using descriptive statistics. The performance of mp-

MRI was assessed by determining sensitivity, specificity, positive (PPV) and negative 

predictive value (NPV) relating mp-MRI progression (positivity), defined as an increase in 

suspicion level, largest lesion diameter, or number of lesions to Gleason progression on 

either 12-core or FB at the same follow-up session. Exact binomial confidence limits were 

used for sensitivity, specificity, PPV and NPV. Categorical variables were compared with a 

Pearson chi-square test. Association of quantitative and ordered variables were evaluated 

using the Spearman non-parametric correlation coefficient. A p-value < 0.05 was considered 

statistically significant.

3.RESULTS

3.1 First mp-MRI and biopsy session

One hundred and fifty-two patients met the JHU criteria for AS on their initial outside SB 

(Figure 1). The mean age of this cohort was 61.4±7.1 (range 40-79) years, and mean pre-

biopsy PSA was 5.2±3.2 (range 0.2-23.3) ng/mL (Table 1). Thirty-two of the patients 

(21.1% - 32/152) had low suspicion lesions by mp-MRI, and only 1 of these 32 (3.2%) was 

found to have GG 7 disease. Seventy-one percent of the entire cohort (109/152) were 

classified as moderately suspicious lesions on mp-MRI. Of these 109 patients - 29.4% 

(32/109) were found to harbor GG 7 disease on confirmatory biopsy. Finally, eleven 

(11/152) patients were classified as highly suspicious lesions, of which 6/11 (54.5%) were 

found to have acute chronic inflammation or high grade prostatic intraepithelial neoplasia 

(HGPIN), 4/11 were found to have GG 6 or 7 cancer and 1 was found to have GG 4+5 

disease. A total of 34 patients (22.4%; 34/152) had GG ≥7 at their first confirmatory SB/FB 

biopsy session on either SB cores or FB (targeted) cores - 35.3% (12/34) detected by FB 

alone and 29% (10/34) by 12-core biopsy alone. Hence, both mp-MRI/FB and 12- core 

biopsy contributed to re-assessing eligibility for AS. Gleason upgrading was significantly 

more likely to occur in patients harboring more focal mp-MRI lesions; 33.3% for patients 

having ≥3 lesions on mp-MRI versus 16.1% for those with ≤ 2 lesions (p = 0.01). There was 
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also a positive correlation between suspicion level and number of lesions on mp-MRI 

(Spearman correlation p = 0.048)

3.2 Follow-up cohort

One hundred and eighteen men remained eligible for the analysis after their confirmatory 

SB/FB at the NIH (Figure 1). However, to date, 60 of these patients have not been re-staged: 

37 underwent immediate definitive whole gland therapy, 22 are too early for repeat imaging 

and biopsy and one patient was lost to follow-up.

Thus, Fifty-eight men underwent at least two mp-MRI and SB/FB sessions with median 

follow-up of 16.1 months (mean 22.1) (range 12-56) (Table 1). Seventeen of these 58 

patients had mp-MRI progression. Nine of these 17 had increased GG on SB/FB. This data 

implies that the use of MRI/FB during follow-up more than doubled the detection of 

pathological progression. Forty-one of these 58 patients had stable mp-MRIs, 33 of whom 

had stable GG on SB/FB. Overall, seventeen of the fifty-eight patients (29%) evaluable for 

this analysis had GG progression during the follow-up interval. All cases demonstrated 

progression from GG 3+3 to 3+4. The median time to progression was 16.1 months. Nine of 

these pathological progressions were detected on FB (Table 2). Of the 17 patients with mp-

MRI progression, 7 had increased MRI suspicion level, 2 had an increase in lesion diameter, 

3 had new lesions and the remainder with a combination of the above parameters. The 

sensitivity and specificity of mp-MRI for pathologic progression were 53% CI (0.28, 0.77) 

and 80% CI (0.65, 0.91) respectively. The NPV and PPV for mp-MRI in predicting 

pathologic progression for AS patients in this cohort were 80% CI (0.65, 0.91) and 53% CI 

(0.28, 0.77) respectively. Table 2 describes the performance of mp-MRI in assessing GG 

progression. It demonstrates that 20% (8/41) of men with stable mp-MRIs had pathologic 

progression, in contrast to 53% (9/17) of men with mp-MRI progression. Of the 17 patients 

with pathologic progression, 9 (53%) were detected on FB only versus 6 (35.3%) by SB 

only.

In this cohort, fifty-eight patients had one or more follow-up SB/FB after their initial biopsy 

confirming GG < 7. We performed seventy follow-up SBs in fifty-eight men in order to 

detect 8 GG progressions. Had we only performed follow-up biopsies when there was an 

mp-MRI progression, we would have performed 26 biopsies (SBs+FBs) to detect 9 GG 

progressions. The number needed to biopsy (NNB) to detect one Gleason progression was 

8.74 (70/8) for SB versus 2.9 (26/9) for FB. This difference in the number of biopsy sessions 

per Gleason progression detected (70/8 for SB vs 26/9 for FB) is statistically significant 

(p<0.02).

4. DISCUSSION

With the advent of widespread screening, there has been an acknowledged shift in the 

demographics of PCa towards younger men with low-volume and low-risk disease, and in 

turn, possible overdiagnosis and overtreatment(19, 20). Active surveillance has been proposed 

for men diagnosed with PCa deemed to be indolent and safe to monitor over time. This 

management strategy allows patients with favorable risk disease to defer treatment while 

they are actively followed by serial PSA and periodic repeat biopsy(5). The aim of AS is to 
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offer patients with low-risk disease the possibility of avoiding or delaying the potential side 

effects associated with radical treatment without missing the window of opportunity for 

curative therapy. By more accurately characterizing disease status, mp-MRI and FB 

represent a promising method of selecting and monitoring AS patients.

A crucial element for successful AS is accurately selecting patients with low-grade, low-

volume disease. However, prior series have reported that approximately 35% of AS 

candidates are found to have higher grade disease on their confirmatory biopsy (3). It is in 

this context that mp-MRI is able to enhance the identification of higher grade or higher 

volume cancers that would be more appropriately treated with immediate definitive therapy. 

In this study approximately 22.4% of men meeting the stringent JHU AS criteria on SB were 

discovered to have GG 3+4 tumors after mp-MRI and FB plus SB. Of the 34 patients 

upgraded by the re-biopsy, 35.4% were upgraded based on MRI/TRUS fusion targets alone. 

Hence, mp-MRI/FB was of value, in addition to SB, for selecting patients for AS. In those 

patients who were not upgraded on confirmatory biopsy, there is increased confidence in the 

diagnosis of low-grade, low-volume disease and in the decision to safely pursue AS.

In an attempt to better identify and inform the most appropriate candidates for AS, our group 

generated a nomogram that used the number of lesions, lesion suspicion level, and lesion 

density on mp-MRI to determine the probability of confirming AS candidacy(6). The 

ultimate goal is to develop a reliable way of classifying patients who are truly low-risk, 

confidently follow them, and identify progression in a timely manner if and when it occurs. 

This may ultimately result in fewer repeat biopsies.

Moore, et al reported on 91 men on AS who underwent at least two MRI scans. Thirty-seven 

percent (34/91) of their patients had a lesion present at baseline. Defining radiological 

progression as an increase in size, intensity or number of lesions, they reported that the 

presence of a measurable lesion increased the likelihood of progression (OR 2.55)(21).

In our series, we found that in 152 referred as eligible for AS, 22.4% harbored Gleason 7 

disease on confirmatory SB/FB, which is now a well-known phenomenon(22). The number 

of visible lesions was associated with increased Gleason upgrading in the confirmatory 

biopsies. We report on sequential mp-MRI and MRI/TRUS fusion-guided biopsy in the 

follow-up of 58 patients defined as low-risk by strict criteria who chose to undergo AS and 

were confirmed to have Gleason 6 disease on their first SB/FB biopsy. During AS follow-up 

using standard 12-core biopsy as well as mp-MRI/FB, we found that the use of mp-MRI/FB 

increased the rate of detection of Gleason progression from 8/58 (13.8%) with SB alone to 

17/58 (29.3%). We also found that of the 17 pathologic progressions, 9 were predicted by an 

increase in the suspicion level of mp-MRI. Consequently, if mp-MRI were used as a filter 

for when to perform follow-up SB/FB, the number of biopsy sessions per pathologic 

progression detected would have decreased from 8.75 (70/8) to 2.89 (26/9).

In patients confirmed to have GG 6 disease, the sensitivity and specificity of mp-MRI for 

pathological progression after a median follow-up of 16 months was 53% and 80%, 

respectively. Similarly, the NPV and PPV for mp-MRI progression was 80% and 53%, 

respectively. This compares with the results of Mullin and colleagues who described mp-
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MRI as having a sensitivity of only 19% and a PPV of 46% for the detection of lesions 

>10mm or >2 lesions, however with excellent specificity (97%) and negative predictive 

values (90%). Our sensitivity and PPV are higher than these reported values, however 

different criteria were applied, and fusion-guided biopsy was added to our follow-up 

algorithm(23). Ultimately, mp-MRI may be used to avoid repeat biopsies on certain intervals 

when mp-MRI is completely stable as the NPV was high at both time points. Currently, the 

standard-of-care is repeat extended sextant TRUS-guided biopsy, which is not only costly, 

but also puts patients at risk for hemorrhage and sepsis(24). In this setting mp-MRI could be 

used to identify suspicious lesions suitable for MRI/FB instead of simply repeating the SB. 

Previous studies of mp-MRI have shown that on a diagnosis per core basis, mp-MRI/FB 

detects more cancer per core than the 12-core TRUS-guided biopsy(13). For instance, to 

achieve similar detection rates, the 12-core TRUS approach required 12 needles while the 

mp-MRI/FB required only 5.7. Additionally, mp-MRI/FB detected more clinically-

significant (GG ≤ 4+3) prostate cancer(25). Thus mp-MRI/FB is more efficient and also more 

specific for higher risk cancers. Specifically in the setting of AS, mp-MRI/FB also allows 

for resampling of previously biopsied lesions during AS.

This study was performed on a highly selected group of patients meeting JHU criteria for 

AS with very low-grade and low-volume PCa, confirmed by repeat SB/FB. These criteria are 

considered conservative and many physicians have extended AS to those with low volume 

GG 3+4=7 disease(5). We do not address this cohort in the current study and acknowledge 

that MRI is generally optimized for detection of higher grade and higher volume disease. 

Additionally, the median follow-up was only 16 months (range 12-55). While FB monitoring 

led to a relatively high, 29% rate of GG progression, the short duration of follow-up 

warrants a note of caution regarding the interpretation of our NPV data. It is possible that the 

NPV of mp-MRI might diminish over time. However, the observation that the pathological 

increase was in all cases limited to GG 3+4 is reassuring. Perhaps most importantly, the use 

of mp-MRI with FB to follow patients on AS allowed us to detect GG progression with 

fewer biopsies. The NNB to detect one GG progression was 8.74 for SB versus 2.9 for MRI 

screened SB/FB. Thus, mp-MRI could prove to be very useful in reducing the number of 

biopsies, thereby decreasing the complications and costs associated with repeated biopsies in 

this patient population. Using MRI in follow-up to determine whether to perform another 

SB/FB biopsy session permits a major reduction in the number of biopsy sessions with about 

the same yield of GG progressions. To maximize the number of GG progressions, however, 

the data from this series suggests that SB/FB should be repeated regardless of the results of 

the follow-up MRI.

This study has several limitations. In addition to its retrospective nature and limited number 

of patients, the study focused on grade migration and growth of incident cancers but did not 

address percent core involvement as criteria for progression. Since FB is inherently a guided 

biopsy whereas traditional biopsies are random, it is likely that FB will yield higher percent 

core involvement as has previously been reported by our group and corroborated by 

others(26, 27). However, the significance, if any, of percent involvement on FB specimens is 

still unknown and might require different criteria to define eligibility for AS. Another 

limitation of the study is that small increases (2-3 mm) in diameter was considered as MRI 

progression, even though this does not have a precedent in the literature and others have 
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used the presence of lesions > 10mm diameter(23). Ultimately the optimal time between 

serial MRI studies is currently not defined but is an area of great interest that requires 

ongoing investigation(28).

5. CONCLUSION

MRI and FB is an important complement to SB in selecting candidates for AS. Both FB and 

SB have utility in the continued follow-up of patients on active surveillance and mp-MRI/FB 

substantially increased the number of pathologic progressions that would not have been 

detected by SB alone. Stable findings on mp-MRI were strongly associated with Gleason 

score stability in patients with Gleason 6 PCa on AS and can potentially substantially reduce 

the number of unnecessary biopsies and delay definitive treatment. With further validation, 

MRI/FB may permit fewer repeat biopsies in men undergoing active surveillance. As the 

technology of mp-MRI and MRI/TRUS fusion-guided biopsy becomes more widely adopted 

multicenter studies will define its role in active surveillance.
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Figure 1. 
Flowchart of study results.
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Table 1

Patient demographics for the initial and follow-up cohorts.

Patient Characteristic Initial Follow-Up

Number of men 152 58

Age, mean ± SD (range) 61.4 ± 7.1 years (40-79) 61.3 ± 7.02 years (45-77)

PSA, ng/mL, mean ± SD (range) 5.2 ± 3.2 ng/mL (0.2-23.3) 5.0 ± 3.1 ng/mL (0.2-20.0)

PSA density, mean ± SD (range) 0.09 ± 0.03 ng/mL2 (0.01-0.15) 0.09 ± 0.04 ng/mL2 (0.01-0.15)

Clinical stage

 T1c 152 58

Race (%)

 White 127 (83.6%) 51 (88%)

 African-American 21 (13.8%) 7 (12%)

 Other 4 (2.6%) 0

Prostate volume, mean ± SD (range) 58 ± 28 cm3 (23-161) 56 ± 25 cm3 (22-146)

Number of lesions, mean ± SD (range) 2.3 ± 1.2 (1-9) 2.3 ± 1.1 (1-5)

Highest suspicion score, (%)

 Low 32 (21.1%) 18 (31%)

 Moderate 109 (71.7%) 36 (62%)

 High 11 (7.2%) 4 (7%)

Abbreviations: PSA, prostate-specific antigen; SD, standard deviation.
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Table 2

Expanded 2 × 2 table relating patients who progressed by mp-MRI or Gleason grade.

Gleason score increase No MRI progression MRI progression Total

No 33 8 41

Yes, detected by: 8 9 17

 Targeted biopsy only 4 5 9

 SB only (12-core) 4 2 6

 Both 0 2 2

 Total 41 17 58

All Gleason grade increases were to 3+4=7. 9/17 of these increases were detected by targeted biopsy alone.
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